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Abstract. The Nile Basin is one of the most important shared basins in Africa. Managing and developing
the water resources within the basin must not only address different water uses but also the trade-off between
developments upstream and water use downstream, often between different countries. Furthermore, decision-
makers in the region need to evaluate and implement climate adaptation measures.

Previous work has shown that the Nile flows can be highly sensitive to climate change and that there is
considerable uncertainty in climate projections in the region with no clear consensus as to the direction of change.
Modelling current and future changes in river runoff must address a number of challenges; including the large
size of the basin, the relative scarcity of data, and the corresponding dramatic variety of climatic conditions and
diversity in hydrological characteristics. In this paper, we present a methodology, to support climate adaptation
on a regional scale, for assessing climate change impacts and adaptation potential for floods, droughts and water
scarcity within the basin.

1 Introduction

The Nile River is the longest river in the world (UNEP, 2010)
and the Nile Basin (Fig. 1) is one of the most critical and most
important shared basins in Africa, hosting 25 % of Africa’s
population (SEDAC, 2010) while accounting for only 10 %
of its landmass. Within the basin, agriculture, energy pro-
duction and livelihoods all depend strongly on the flows. The
region is facing rising levels of water scarcity, high popula-
tion growth, watershed degradation and loss of environmen-
tal services (UNEP, 2010). In addition, the water resources
are highly sensitive to climate change (Conway et al., 2007).

The Nile basin’s climate varies significantly from ex-
treme aridity in the north, including Egypt and Sudan, to the
tropical rainforests in Central and East Africa and parts of
Ethiopia. The distribution of precipitation can be categorised
into two distinct regions; the Equatorial (or East African)
lakes and the Ethiopian highlands (Fig. 1). There are signif-
icant differences in the wet and dry period distribution with

some areas in the tropical region of the Nile basin having
two rainfall seasons. In addition, there is significant inter-
annual and inter-decadal variability, which also has impor-
tant implications for the management of water resources in
the Nile (Conway, 2005). In addition, many past studies have
demonstrated that modelling current and future changes in
river runoff presents a number of challenges: the large size
of the basin, the relative scarcity of data, its geographical
location and the corresponding dramatic variety of climatic
conditions and diversity in hydrological characteristics. On
top of these hydrological challenges, the climate projections
are inherently uncertain because of the natural variability of
the climate system, the uncertainty in future anthropogenic
emissions and the uncertainty resulting from our incomplete
understanding of how to represent important climate system
processes in climate models (Buontempo et al., 2011). Nev-
ertheless, decision-makers in the region need to evaluate and
implement climate adaptation measures. Such climate adap-
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Figure 1. An overview of the Nile Basin (left) and distribution of annual average rainfall in mm/month for the period 1961–1990 (right),
from CRU (Harris et al., 2014).

tation measures can be implemented at the local, sub-basin or
national scale. However, within trans-boundary basins like
the Nile the implementation of such measures locally may
have important impacts regionally particularly downstream
of those measures. Therefore, tools and information are re-
quired to understand climate change and adaptation impacts
at the regional scale.

2 Regional climate modelling

In this study, the Perturbed Physics Ensemble (PPE) ap-
proach is used. This PPE approach (Collins et al., 2006) rep-
resents the uncertainties or variability in climate projections
by perturbing uncertain parameters to create new versions of
the climate model. Each of these versions is characterised by
different values for a set of parameters that describe the ba-
sic unresolved physical processes (Collins and Knight, 2007;
Palmer and Williams, 2008). This approach was used to gen-
erate a large Global Climate Model (GCM) ensemble and
here we apply a recently published systematic methodology
(McSweeney et al., 2012) to select a subset of 5 GCM en-
semble members. The selection is based on their ability to
reproduce important features of the present-day climate over
Africa while capturing the range of outcomes from the GCM
ensemble (Buontempo et al., 2015). The ability of the se-
lected ensemble to reproduce the rainfall patterns over Africa
is illustrated in Fig. 2. To obtain high-resolution information

suitable for assessing climate change impacts on flows in the
Nile, these GCMs were dynamically downscaled, i.e. lateral
boundary conditions from the GCMs are used to drive the
regional climate model, HadRM3P, over the 50 km resolu-
tion Africa CORDEX (Giorgi et al., 2009) domain. Based
on these new RCM simulations, change factors were derived
for all 5 ensembles, for temperature, potential evapotranspi-
ration and precipitation and for two periods 2020–2049 and
2070–2099.

3 Regional hydrological modelling

To represent the flows and water resources on the regional
scale, both for climate change impact assessment and for
climate adaptation scenarios, distributed hydrological mod-
elling is required. In this study, a sub-basin based modelling
approach using MIKE HYDRO (DHI, 2013) was adopted.
The rainfall-runoff processes are represented using the NAM
model (Butts et al., 2004, 2007). The runoff from the sub-
basins then becomes the inflow to the river or channel net-
work representation used in MIKE HYDRO (Fig. 3). The
MIKE HYDRO BASIN model represents rivers and their
main tributaries as a network consisting of branches and cal-
culation nodes. Branches represent the individual river sec-
tions, while the nodes represent either a confluence or a lo-
cation where certain water activities occur. These include,
for instance, multipurpose reservoirs, withdrawals for wa-
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Figure 2. Comparison of the observed and simulated precipitation
for Africa for the period June–September (JJAS). The observations
are from CPC-FEWS (Love et al., 2004) cover the period 1983–
2012 while the simulations cover the 1961–1990.

Figure 3. Schematic of the MIKE HYDRO network model includ-
ing different water activities and water users.

ter supply or irrigation, effluent discharges, diversion canals
and systems, gauging stations, low flow control points and
priority-based allocations. Simple routing along the branches
is used between these nodes. Withdrawals from the river or
reservoir are specified as irrigation water users and/or regular
water users (e.g. domestic or industrial). These capabilities
make MIKE HYDRO well-suited not only for regional scale
assessments of the impacts of climate change on regional wa-
ter resources but also for subsequent assessment of regional
scale climate adaptation options.

4 Results

The regional hydrological model has been developed and
calibrated against available discharge data within the period
1960 to 1980. This period of 21 years is assumed in this anal-
ysis to be representative of the variability for the reference
period (1961–1990). The MIKE HYDRO model was then
run using bias-corrected values for rainfall and PET over the
same period. All other factors such as the operation and op-
eration strategies of the reservoirs, the extractions for irriga-
tion, etc. were kept fixed. The resulting changes are therefore
solely because of projected changes in the climate.

Figure 4 presents the projected flows at the Jinja station
for the two periods; near future (2020–2049) and far future
(2070–2099). The Jinja station is located at the outlet of Lake
Victoria. It is an important control point with the Owen Falls
dam located just downstream. The releases follow the so-
called “Agreed Curve” to provide releases that resemble the
natural outflows from the lake prior to its construction. The
outflow control is shown clearly in the flow duration curve
for the low flows. One of the key features that determine
the hydrology of the lake is the high contribution (85 %) of
rainfall directly over the lake to total lake inflow. This di-
rect precipitation suggests that lake levels and the long-term
outflow will be highly sensitive to climatic change, as the
water does not flow via the terrestrial water cycle (Williams
et al., 2014). The flow projections indicate reductions in the
flows for the near future (2020–2049) but with different mag-
nitudes among the 5 ensemble members. For the far future
(2070–2099), both increasing and decreasing trends are evi-
dent.

5 Discussion

A regional-scale modelling framework has been developed
to address the need for regional scale tools and information
that can support and inform decision-making for large trans-
boundary river basins like the Nile. The framework incorpo-
rates the state of the art Perturbed Physics Ensemble (PPE)
approach for climate change modelling and appropriate hy-
drological modelling using MIKE HYDRO. As a result, the
framework can provide an assessment of climate change im-
pacts, an indication of the uncertainties and can be used for
regional scale adaptation. This framework can be readily ap-
plied to similar large or transboundary river basins in Africa
and in other regions (Asia, South America) or used to at
smaller scales to evaluate national or local climate impact
assessments for water resources, water resource management
and the evaluation of climate adaptation measures.
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Figure 4. Projected changes in the average monthly flows (upper) and flow duration curve (lower) for 2020–2049 (left) and 2070–2099
(right) for the Jinja station. The solid (red) line shows the baseline levels (1961–1990) and the thin green lines show the variability among
the 5 RCM ensemble members.
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